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SLWARY 



Tests of a s ini^le-eng ine scout-bomber airplane showed 
that the rudder deflection required for trim at low speed 
in the critical wave-off condition may be reduced anproxi- 
matelY 10^ by a lateral shift of the center of gravity 
equal to 1.8 percent of the wing span. The reduction in 
riidder deflection required for trim consists of the rudder 
deflection required to offset yawing moments from the 
ailerons and from the component of the weight in the 
direction of the longitudinal axis and the rudder deflec- 
tion required to hold the sideslip angle necessary to 
maintain straight flight. The effect of the lateral 
loading must be taken into account in tests to determine 
the adequacy of the rudder for trim. The lateral center- 
of-gravlty locat on is also important in the service 
operation of airplanes because, by suitable distribution 
of the useful load in the wings, the ability of the rudder 
to trim the airolane in critical power-on conditions may 
be markedly improv^ed. 



INTRODUCTION 



Many modern single-engine airplanes have been found 
to have rudder control that 53 inadequate for maintaining 
straight flight at low speeds with power on. Attempts 
have been made to increase the amount of rudder control 
available by increasing the rudder chord or by offsetting 
the fin or the thrust line. Increasing the rudder chord 
may result .in excessive rudder forces in maneuvers or in 
rudder lock. The offset fin or thrust line produces an 



RESTRICTED 



2 



NACA RB No. Llt.I06 



asyr/imetrlcal configuration that, at high speeds, may 
result in excessive rudder-force changes with speed due 
to deformation of the surfaces under air loads. 

Theoretical study indicated that a lateral shift of 
the center of gravity should have an appreciable effect 
on the rudder deflection required for trim at low speeds. 
Flight tests were therefore m-f-de to determine the effec- 
tiveness of this method of reducing the rudder deflection 
required for trim. 



TEST RESUI,TS AND DISCUSSION 



Two flights were made in a Brewster X3BA-1 airplane 
equipped v/ith modified tail surfaces (fig. 1). Tx^is 
airplane was known to have marginal rudder control for 
trim in some flight conditions and v;as tlierefore chosen 
as representative of the type involved in the problem of 
providing adequate rudder control in power-on flight at 
low speeds. The center of gravity was shifted k.lo inches 
to the right for the first flight and l|.l6 inches to tne 
left for the second flight. This shift was accomplished 
by asymmetric loading of fuel in the wing tanks. 

The static direc tional-trimx data presented in fig- 
ure 2 were obtained from continuous records made while 
the speed was gradually reduced fromi 100 miles per hour 
to the stall in straight flight with the wings level. 
This figure contains the results of three runs made with 
each center-of -gravity location. The airplane was in 
the wave-off condition with flaps deflected^, landing gear 
down, and maximum continuous pov;er. The steady sideslip 
characteristics in the wave-off condition at approxl- 
m^ately 60 miles per hour are shown in figure J. Measured 
control-surface deflections shown in figures 2 and 3 
were not corrected for cable stretch, but errors from 
this source are believed to be small. 

The data of figure 2(a), obtained with the center 
of gravity I|-cl6 inches to the left of the thrust line, 
shov/ that a rudder deflection of approximately 20"^ v/as 
required to trim the airplane at ^0 miles per hour 
(5 mph above the stalling speed). Corresponding data 
of figure 2(b), obtained with the center of gravity 
i|.l6 inches to the right of the thrust line, show that 
a rudder deflection of approximately 10^ was required 
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for trim at this speed. For the total shift of 8.52 in^ches 
(1.3 percent of the wing span) in the center of gravit:/-, 
the reducbion in the rudder deflection required for trim 
&t 50 miles per hour v;ss therefore 10^'. These values were 
obtained from the flight runs that showed closest agree- 
ment in angle of bank. Using the average data for all 
three runs in each flight would give somewhat greater 
values for the reduction m rudder deflection. This 
increase in the values for the redaction in rudder deflec- 
tion is thought to be caused by the smf.ll difference in 
the angle of bank between the two sets of runs. 

The rudder forces for trim at the stall v;ere decreased 
from &5 pounds to 5 'J pounds by shifting the center of 
gravity to the right. It should be noted that the direc- 
tion of propeller rotation was normal, that is, clockwise 
v;hen viewed from the rear. 

At 50 miles per hour, the total aileron angle required 
for trimi was 15^ to the right v/ith the left center-of- 
gravity location and 15^ to the left with the right 
center-of -gravity loc£.;tion. The aileron angle was alvv'ays 
well within the available range of tl+O^, Since the 
dihedral effect v\^es neutral as is shown in figure 5 
the fact that the aileron angle does not vary appre- 
ciably with sideslip angle, none of the change in total 
aileron axigle required for trim was caused by the differ- 
ence in sideslip angle. The difference in sideslip angle 
for the two center-of -gravity locations affected the 
rudder deflection required for trim, however, because 
of the inherent dir-^ct ional stability of the airplane. 

The effect of lateral loading on the rudder deflec- 
tion required for trim is believed to be caused by yawing 
moments that result from the aileron deflection required 
for trim and from the thrust required to overcome the 
component of weight in the direction of the longitudinal 
axis. Vyhen the rudder is deflected to offset these 
yawing moments, the side force developed on the vertical 
tail causes a change in sideslip angle that requires a 
further change in the rudder deflection for trim. Calcu- 
lations based on theory Indicate that these three sources 
of yav^ring moment are of about equal importance and that 
the estimated values are of the right order of magnitude 
to explain the observed effects. 

The changes in rudder and aileron deflection caused 
by the change in lateral loading miay be seen to decrease 
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rapidly v/ith speed - an indication that asymmetrical con- 
trol deflections become very sinrll in flight pt high 
speed. The coi'responding control forces Vvould therefore 
be expected to be small at high speeds. In this respect, 
lateral shifting of the center of gravity is thought to 
be preferable to offsetting the fin or the thrust line. 

The use of a lateral shift of the center of gravity 
to reduce the rudder deflection required for trim with 
power on requires rudder deflection in the opposite 
direction to trim the airplane at lov/ speeds with power 
off. Calnulations show that this rudder deflection is 
relatively small because the maximum lift coefficient 
with power off Is generally much smaller than v;ith power 
on. vYhen the center of gravity is shifted laterally, a 
change in aileron angle is required to maintain the 
Vvings level while the normal acceleration is increased 
in turns or pull-ups. A total ail^^ron angle of about 
5.8^ vvould be required in pull-ups of the XSBA-1 air- 
plane to the stall at maximum level-flight speed with 
the center-of -gravity locations used in the tests. A 
more asyinme trical center-of -gravity location than was 
used in the present tests of the XS3A--1 airplane appears 
to have been tolerated on several airplanes in service, 
which have a lateral center-of -gravity shift v^/ith normal 
change in loading more than twice as great as that tested 
on the XSBA-1 airplane. Because many airplanes have 
provision for carrying part of their useful load in the 
wings, the ability of the rudder to trim these airplanes 
in critical power-on conditions may be improved by suit^e 
distribution of this load. It should be noted that an 
airplane having counterrotat ing propellers, which nor- 
mally needs no rudder deflection for trim, miay require 
considerable rudder deflection for trim at low speed if 
the center of gravity is shifted laterally. 



CONCLUDING REMARKS 



The data indicated that a lateral shift of the 
center of gravity is an effective method of overcoming 
inadequate rudder control in power-on flight at low 
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speeds. In tents to detei'niine the adequacy ox the rudder, 
the lateral location of the center of gravity i?xust be 
taken into account. 



Langley Memorial Aeronautical Laboratory 

l^ational Advisory Conixni ttee for Aeronautics 
Langley Field, Va. 
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Fig. 2a 
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(<3) Center of grdivity 4.16 Inches to left of thrust line. 
Figure Z. - Stat/c directions. I -trim sind bngitudinal Sfability ch<^racter- 
IstLcs in msLve-off condition (flaps deflected; landing gear doivn; 
m<3u<imum continuous poller). Rudder trimming tab neutrsl; 
Brewster A'SB/^ ^1 Airplane. 
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Fig. 2b 
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(b) Center of grdivity 4 16 inches to right of thrust line. 
Figure 2. ~ Concluded , 
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figure J.- Steady Sideslip characteristics in l^^i/e-off condition 

ai approximately 60 miles per hour (flaps deflected; landing 

gear doivn; maximum continuous powerl Center of gravlfi/ 

4.16 inches to right of thrust line; BreiA/^ter XSBA-l airplAne, 



